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In the Examiner's Amendment, appearing on pages 2-3 of the Notice of Allowability, 
claim 19 was canceled, claims 21-23 were amended, and new claim 27 was added in place of 
claim 19. Claims 21 and 22, dependent on canceled claim 19, were amended to depend from 
new claim 27. Claim 23 was amended to delete the phrase "further comprising the step of 
freeze-drying the retentate" and substitute therefore — wherein the recovered retentate is 
freeze-dried. ~. 

In reviewing the issued patent, it is noted that only new claim 27 (renumbered as 
patent claim 16) was incorporated in the patent. Claims 14-18 and 21-23, which the 
Examiner indicated as allowable, were omitted from the patent. Therefore, it is respectfiilly 
requested that claims 14-18 and 21-23, as amended, be incorporated in the patent. Although 
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~ 19. The process of claim 17, wherein the treated liquid material is included in an 
infant or dietetic product as protein raw material. ~ 

— 20. The process of claim 9 wherein the treated liquid material is included in an 
infant or dietetic product as protein raw material. — 

— 21. The process of claim 10 wherein the dried treated liquid material is included in 
an infant or dietetic product as protein raw material — 

~ 22. The process of claim 16 wherein the composition is a food composition 
containing the GMP as an emulsifying, gelling or foaming agent. — 

— 23. The process of claim 16 wherein the composition is a dental composition 
containing the GMP as an agent against plaque and caries. ~ 

— 24. The process according to claim 12, further comprising the step of freeze- 
drying the retentate. ~ 

There is no issue of new matter since these claims, all of which depend from allowed 
claims, were previously found to be allowable in the Examiner's Amendment. 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

PATENT NO.: 6,787,158 Bl Page 1 of 1 

DATED: September 7, 2004 

INVENTORS: Erdmann et ai. 

It is certified that error appears in the above-identified patent and that said Letters Patent is 
hereby corrected as shown below: 

Title page. Item (54). and Column 1. line 1 : 

Change the title to PROCESS FOR THE TREATMENT OF A LACTIC RAW 
MATERIAL - 

Column 9 : 

Line 5 (claim 1, line 14), after "does not contain substantial", delete *V'. 
Line 47 (claim 5, line 16), after "to adsorb the", delete ":". 

Please add the following claims: 

--17. The process of claim 1 wherein the treated liquid material has an amino acid profile 
that is reduced in threonine and enriched in aromatic amino acids and triptophan relative to the 
lactic raw material. — 

-18. The process of claim 17 wherein, relative to the lactic raw material, the threonine 
content is reduced by about 15 to 40%, and the aromatic amino acids and tryptophan are 
increased by about 20 to 60%. ~ 

-19. The process of claim 17, wherein the treated liquid material is included in an infant or 
dietetic product as protein raw material. ~ 

" 20. The process of claim 9 wherein the treated liquid material is included in an infant or 
dietetic product as protein raw material. — 

-21. The process of claim 10 wherein the dried treated liquid material is included in an 
infant or dietetic product as protein raw material. - 

~ 22. The process of claim 16 wherein the composition is a food composition containing the 
GMP as an emulsifying, gelling or foaming agent. - 

- 23. The process of claim 16 wherein the composition is a dental composition containing 
the GMP as an agent against plaque and caries. - 

- 24. . The process according to claim 12, further comprising the step of freeze-drying the 
retentate. — 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

PATENT NO.: 6,787,158 Bl Page 1 of 1 

DATED: September 1, 2004 

INVENTORS : Erdmann et al. 

It is certified that error appears in the above-identified patent and that said Letters Patent is 
hereby corrected as shown below: 

Title page. Item (54). and Column L line 1 : 

Change the title to - PROCESS FOR THE TREATMENT OF A LACTIC RAW 
MATERIAL - 

Column 9 : 

Line 5 (claim 1, line 14), after "does not contain substantial", delete 
Line 47 (claim 5, line 16), after "to adsorb the", delete ":". 

Please add the ft)llowing claims: 

- 17. The process of claim 1 wherein the treated liquid material has an amino acid profile 
that is reduced in threonine and enriched in aromatic amino acids and tryptophan relative to the 
lactic raw material. — 

"18. The process of claim 17 wherein, relative to the lactic raw material, the threonine 
content is reduced by about 15 to 40%, and the aromatic amino acids and tryptophan are 
increased by about 20 to 60%. -- 

- 19. The process of claim 17, wherein the treated liquid material is included in an infant or 
dietetic product as protein raw material. -- 

- 20. The process of claim 9 wherein the treated liquid material is included in an infant or 
dietetic product as protein raw material. ~ 

"21. The process of claim 10 wherein the dried treated hquid material is included in an 
infant or dietetic product as protein raw material. 

" 22. The process of claim 16 wherein the composition is a food composition containing the 
GMP as an emulsifying, gelling or foaming agent. — 

23. The process of claim 16 wherein the composition is a dental composition containing 
the GMP as an agent against plaque and caries. — 

~ 24. The process according to claim 12, fiarther comprising the step of freeze-drjdng the 
retentate. — 
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A process is disclosed for extracting glycomacropeptide 
from a lactic raw material. This process includes the step of 
treating a lactic raw material containing glycomacropeptide 
in the presence of a weakly anionic resin wherein the 
glycomacropeptide is selectively adsorbed onto the resin and 
then eluted from the resin so as to obtain an improved 
protein product which can be used in foods, and pharma- 
ceutical and dental compositions. 

16 Claims, 1 Drawing Sheet 



25 OCT 20M 



/ 1 

PROCESS fofJ^treatment of a lactic 

RAW MATERIAL 

CROSS-REFERENCE TO RELATED 
APPLICAnONS 

This application is a continuation-in-part of copending 
PCT international application No. PCr/EP98/03176, filed 
on May 22, 1998. 

FIELD OF THE INVENTION 

The invention is directed to a process for the separation of 
glycomacropeptide or caseinoglycomacropeptide ("GMP") 
from lactic raw material. 

BACKGROUND OF THE INVENTION 

GMP is a phosphorylated and partially sialylated mac- 
ropeptide which is formed by the action of a protease, for 
example rennet, on mammalian milk kappa-casein, GMP 
represents about 20% by weight of the proteins in sweet 
whey obtained after separation of casein during cheese 
manufacture. 

A laboratory scale process for the manufacture of GMP is 
known. The process consists of treating a raw lactic material, 
such as an acid casein, a caseinate hydrolyzed by rennet, or 
a demineralized and lactose-free sweet whey from 
cheesemaking, with trichloroacetic acid so as to precipitate 
the proteins. The process further consists of recovering the 
supernatant, dialyzing the supernatant, and drying the sepa- 
rated dialysate. Although known, such a process is not 
applicable on an industrial scale. 

A process for the production of GMP on an industrial 
scale, which is described in European Patent Application 
No. 488,589, consists of treating a whey product by ion 
exchange and recovering the fraction that has not been 
adsorbed. The process further consists of concentrating the 
fraction, demineralizing the fraction using ultrafiUration, 
diafiltration and, if necessary reverse osmosis, and recover- 
ing the GMP 

British Patent No. 2,188,526 discloses a process for the 
production of a whey protein fraction. The process consists 
of treating a milk product with a strong anionic resin, under 
conditions such that proteins and some peptides of the 
treated material are nonselectively adsorbed onto the resin in 
the form of complexes. These complexes are diflScult to 
subsequently elute from the resin. The eluate forms a firm 
gel at a pH of less than 4.5 and at room temperature, once 
the eluate is suspended in water. The protein fraction may be 
used in drinks of the milk-shake type and in dessert mousses, 

Japanese Patent Publication Kokai 07-132049 uses a 
weakly anionic ion exchange resin whose matrix is hydro- 
philic to separate the sialylated peptides from whey. The 
process consists of passing the raw material, whose pH has 
been beforehand precisely adjusted to a value of 4 to 6, over 
a hydrophilic macromolecular support consisting of a natu- 
ral polysaccharide or a synthetic polyvinyl, grafted with 
basic exchanging groups. The supports used as matrix are 
not easily applicable industrially. 

Despite the aforementioned processes, there is a need for 
a process which easily and selectively separates a highly 
purified GMP from lactic raw materials without additional 
expense and which can be conducted on a large scale. 
Additionally, it is highly desirable to develop a process that 
can separate GMP from lactic raw material in a single 
operation and in high yield. 

SUMMARY OF THE INVENTION 

The invention relates to a process for the extraction of 
GMP from a lactic raw material comprising the steps of 
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removing cations from a lactic raw material for a sufiBcient 
amount of time to obtain a substantially deionized lactic raw 
material having a pH of about 1 to 4.5; contacting the 
substantially deionized lactic raw material with an anionic 
resin having a hydrophobic matrix for a sufiBcient amount of 
time and at a sufficient temperature to remove GMP fi-om the 
substantially deionized lactic raw material and to obtain a 
treated liquid material; separating the resin from the treated 
liquid material; and rinsing the resin to obtain the GMP 
there firom. 

In this process, the lactic raw material can be one of sweet 
whey obtained after separation of casein coagulated with 
rennet, a concentrate of sweet whey, a sweet whey or such 
a whey demineralized to by electrodialysis, ion exchange, 
reverse osmosis, electrode ionization or a combination of 
these procedures, a concentrate of sweet whey demineral- 
ized by electrodialysis, ion exchange, reverse osmosis, elec- 
trodeionization or a combination of these procedures, a 
concentrate of proteins of substantially lactose-free sweet 
whey obtained by ultrafiltration, followed by diafiltration 
(ultrafiltration with washing), mother liquors of the crystal- 
lization of lactose from sweet whey, a permeate of ultrafil- 
tration of a sweet whey, the product of hydrolysis, by a 
protease, of a native casein obtained by acid precipitation of 
skimmed milk with an inorganic acid or by biological 
acidification, where appropriate with addition of calcium 
ions or alternatively of a micellar casein, obtained by 
microfiltration of a skimmed milk, the product of hydrolysis 
of a caseinate by a protease. Preferably, the sweet whey has 
a solids content of about 10 to 23 percent by weight and is 
completely deionized during the cation removal step. 

Also, the lactic raw material is preferably a liquid or a 
dispersion of solids in a liquid and calcium ions may be 
added to the lactic raw material after the cation removal step. 

Advantageously, the resin is treated with an alkaline 
material prior to contact with the substantially deionized 
lactic raw material. Preferably, the substantially deionized 
lactic raw material contacts the resin in a gently stirred 
reactor at a temperatiu-e of less than 50° C. for one to ten 
hours to adsorb the GMP onto the resin. A suitable resin is 
one that is basic and in macroporous or macrocross- linked 
gel form. The substantially deionized lactic raw material 
usually contacts the resin until the treated liquid material 
attains a constant pH of between about 4.5 to 5.5 to indicate 
that the reaction has proceeded to completion. 
Advantageously, the resin and lactic raw material are present 
in a volume ratio of 1:1 to 1:30. 

The invention also relates to the treated liquid material 
that is obtained from this inventive process. This treated 
liquid material has an amino acid profile is reduced in 
threonine and enriched in aromatic amino acids and tryp- 
tophan. Relative to the starting lactic raw material, the 
threonine content is preferably reduced by about 15 to 40%, 
and the aromatic amino acids and tryptophan are preferably 
increased by about 20 to 60%. This treated liquid material is 
use fill in an infant or dietetic product as a protein raw 
material, in a pharmaceutical composition in combination 
with antithrombotic, antidiarrheal or antibacterial agents, or 
in a food composition as an emulsifying, gelling or foaming 
agent. The invention also produces a new GMP which can 
be used, for example, in a dental composition as an agent 
against plaque and caries. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic representation of an apparatus 
capable of separating GMP from lactic raw material, 

DETAILED DESCRIPTION OF THE 
INVENTION 

The present invention is directed to a process for the 
selective separation of GMP from other components con- 
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a sufiBcient amount of time and at a sufiBcient tempera- 
ture to adsorb a substantial amount of GMP onto the 
anionic resin from the substantially deionized lactic 
raw material and to obtain aOjeated liquid material that 
does not contain substantiA/?naounts of GMP; 5 
separating the resin from the treated liquid material; and 
separating the adsorbed GMP enriched fraction from the 
resin. 

2. The process according to claim 1 wherein the lactic raw 
material is one of sweet whey obtained after separation of 
casein coagulated with rennet, a concentrate of sweet whey, 
a sweet whey or such a whey demineralized to by 
electrodialysis, ion exchange, reverse osmosis, electrodeion- 
ization or a combination of these procedures, a concentrate 
of sweet whey demineralized by electrodialysis, ion is 
exchange, reverse osmosis, electrodeionization or a combi- 
nation of these procedures, a concentrate of proteins of 
substantially lactose-free sweet whey obtained by 
ultrafiltration, followed by diafiltration (ultrafiltration with 
washing), mother liquors of the crystallization of lactose 20 
from sweet whey, a permeate of ultrafiltration of a sweet 
whey, the product of hydrolysis, by a protease, of a native 
casein obtained by acid precipitation of skimmed milk with 
an inorganic acid or by biological acidification, where 
appropriate with addition of calcium ions or alternatively of 
a micellar casein, obtained by microfiltration of a skimmed 
milk, the product of hydrolysis of a caseinate by a protease. 

3. The process according to claim 1 wherein the lactic raw 
material is sweet whey having a solids content of about 10 
to 23 percent by weight. 

4. The process according to claim 1 wherein the lactic raw 30 
material is a liquid or a dispersion of solids in a liquid. 

5. A process for obtaining a fraction of lactic raw material 
enriched in glycomacropeptide or caseinoglycomacropep- 
tide ("GMP') comprising the steps of: 

deionizing a lactic raw material for a time sufiBcient to 35 
obtain a substantially deionized lactic raw material 
having a pH of about 1 to 4.5 with the pH being 
adjusted, if necessary, to the recited range; 

contacting the substantially deionized lactic raw material 
with an anionic resin having a hydrophobic matrix for 40 
a sufiBcient amount of time and at a sufiBcient tempera- 
ture to remove GMP from the substantially deionized 
lactic raw material and to obtain a treated liquid 
material, wherein the substantially deionized lactic raw 
material contacts the resin in a gently stirred reactor at 45 
a temperatur^of less than 50** C. for one to ten hours 
to adsorb i^^M? onto the resin; 

separating the resin from the treated liquid material; and 

separating the GMP enriched fraction from the resin. 

6. The process according to claim 5 wherein the reactor is 
at a temperature between 0° C. and 15** C. and the resin is 
basic and in macroporous or macrocross- linked gel form. 

7. The process according to claim 1 wherein the substan- 
tially deionized lactic raw material contacts the resin until 
the treated liquid material attains a constant pH of about 4.5 55 
to 5.5. 

8. A process for the extraction and removal of glycomac- 
ropeptide or caseinoglycomacropeptide ("GMP") from a 
lactic raw material comprising the steps of: 

deionizing a lactic raw material for a time sufficient to 60 
obtain a substantially deionized lactic raw material 
having a pH of about 1 to 4.5 with the pH being 
adjusted, if necessary, to the recited range; 

contacting the substantially deionized lactic raw material 
with an anionic resin having a hydrophobic matrix for 65 
a sufiBcient amount of time and at a sufiBcient tempera- 
ture to remove GMP from the substantially deionized 
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lactic raw material by adsorbing a substantial amount 
of GMP onto the anionic resin to obtain a treated liquid 
material that does not contain substantial amounts of 
GMP; 

separating the resin from the treated liquid material; 
concentrating the treated liquid material by evaporation 
and drying; and 

recovering GMP by desorbing it from the resin. 

9. The process according to claim 8 wherein the step of 
separating the resin from the treated liquid material is 
accomplished by filtration or centrifugation and the treated 
hquid material is dried by spray drying. 

10. The process according to claim 1 wherein the anionic 
resin and the deionized lactic raw material are present in a 
ratio by volume of between 1:1 and 1:30. 

11. The process according to claim 1, wherein the step of 
separating the adsorbed GMP enriched fraction from the 
resin is accomplished by: 

washing the resin with demineralized water to obtain a 
wash; 

desorbing the GMP from the resin by washing the resin 
with an acidic, basic or saline aqueous solution rinse to 
obtain an eluate; 

rinsing the resin with demineralized water to obtain a 
rinse; 

combining the eluate, the rinse and the wash; 

demineralizing the combined eluate, rinse and wash by 
ultrafiltration or nanofiltration on a membrane with a 
mean cut-ofl[ region of about 3000 daltons to obtain a 
retentate and filtrate; and 

recovering the GMP enriched fraction as the retentate; and 

optionally freeze -drying the recovered retentate. 

12. The process according to claim 11 wherein the basic 
aqueous solution comprises NaOH, KOH or Ca(0H)2, in a 
concentration of less than 8%. 

13. A process for obtaining a fraction of a lactic raw 
material enriched in glycomacropeptide or caseinoglyco- 
macropeptide ("GMP") comprising the steps of: 

deionizing a lactic raw material for a time sufiBcient to 
obtain a substantially deionized lactic raw material 
having a pH of about 1 to 4.5 with the pH being 
adjusted, if necessary, to the recited range; 

treating the resin with an alkaline material; 

contacting the substantially deionized lactic raw material 
with an anionic resin having a hydrophobic matrix for 
a sufiBcient amount of time and at a sufiBcient tempera- 
ture to adsorb a substantial amount of GMP onto the 
anionic resin from the substantially deionized lactic 
raw material and to obtain a treated liquid material that 
does not contain substantial amounts of GMP; 

separating the resin from the treated liquid material; and 

separating the adsorbed GMP enriched fraction from the 
resin. 

14. A process for preparing a composition that contains 
glycomacropeptide or caseinoglycomacropeptide ("GMP") 
in combination with a pharmaceutically acceptable carrier, 
said process comprising the steps of: 

(a) deionizing a lactic raw material for a time sufiBcient to 
obtain a substantially deionized lactic raw material 
having a pH of about 1 to 4.5 with the pH being 
adjusted, if necessary, to the recited range; 

(b) contacting the substantially deionized lactic raw mate- 
rial with an anionic resin having a hydrophobic matrix 
for a sufiBcient amount of time and at a sufiBcient 
temperature to adsorb a substantial amount of GMP 
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onto the anionic resin from the substantially deionized 
lactic raw material and to obtain a treated liquid mate- 
rial that does not contain substantial amounts of GMP; 

(c) separating the resin from the treated liquid material; 

(d) separating the adsorbed GMP enriched fraction from 
the resin; and 

(e) combining the GMP of step (d) with a pharmaceuti- 
cally acceptable carrier. 

15. The process of claim 14, wherein the composition is 
an antithrombotic pharmaceutical composition containing 
GMP as an antithrombotic agent. 

16. A process for obtaining a composition comprising a 
carrier and a fraction of a lactic raw material enriched in 
glycomacropeptide or caseinoglycomacropeptide ("GMP"), 

• wherein said process comprises the steps of: 

de ionizing a lactic raw material for a time sufficient to 
obtain a substantially deionized lactic raw material 

* having a pH of about 1 to 4.5 with the pH being 
adjusted, if necessary, to the recited range; 
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contacting the substantially deionized lactic raw material 
with an anionic resin having a hydrophobic matrix for 
a sufficient amount of lime and at a sufficient tempera- 
ture to adsorb a substantial amount of GMP onto the 
anionic resin from the substantially deionized lactic 
raw material and to obtain a treated liquid material that 
does not contain substantial amounts of GMP; 

separating the resin from the treated liquid material; 

' separating the adsorbed GMP enriched fraction from the 
resin; and 

combining said GMP enriched fraction with a carrier; 

wherein said process the GMP enriched fraction includes 
less than 1% by weight of fat, less than 0.2% by weight of 
lactose, and less than 3% by weight of true whey products. 

***** 



i Please add the following claims: / 

— 17. The process of claim 1 wherein the treated liquid material has an amino 
acid profile that is reduced in threonine and enriched in aromatic amino acids 
and tryptophan relative to the lactic raw material. ~ 

— 18. The process of claim 17 wherein, relative to the lactic raw material, the 
threonine content is reduced by about 15 to 40%, and the aromatic amino acids 
and tryptophan are increased by about 20 to 60%. — 

— 19. The process of claim 17, wherein the treated liquid material is included 
in an infant or dietetic product as protein raw material. — 

— 20. The process of claim 9 wherein the treated liquid material is included in 
an infant or dietetic product as protein raw material - 

— 21. The process of claim 10 wherein the dried treated liquid material is 
included in an infant or dietetic product as protein raw material. ~ 

— 22. The process of claim 16 wherein the composition is a food composition 
containing the GMP as an emulsifying, gelling or foaming agent. — 

— 23. The process of claim 16 wherein the composition is a dental 
composition containing the GMP as an agent against plaque and caries. — 

— 24. The process according to claim 12, further comprising the step of 
freeze-drying the retentate. ~ 



